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Background: Breast reconstruction (BR) is a unique surgical procedure that pro-
vides patients undergoing mastectomy with significant psychosocial and aesthetic
benefits and has also become a crucial part of the treatment pathway for women
with breast cancer. Due to methodological inadequacies and the absence of sub-
stantial risk factor analysis, no conclusion can be drawn about the correlation
between risk variables and post-surgical complications in BR surgery. We aim to
identify the potential risk factors associated with postoperative complications.

Methods: We queried MEDLINE and Cochrane CENTRAL from their inception
to March 2022, for published randomized controlled trials and observational stud-
ies that assessed complications post-reconstruction procedure in breast cancer
patients following mastectomy or evaluated at least one of the following outcomes
of major or reoperative complications. The results from the studies were presented
as odds ratios with 95% confidence intervals and were pooled using a random-

effects model.

Results: Our pooled analysis demonstrated a significant correlation with BR post-
operative complications and risk factors such as diabetes, hypertension, and obe-
sity. Diabetes and the development of seroma were found to have a significant
relationship. Risk variables such as age, radiotherapy, COPD, and smoking had no
significant connection with 0-to-30-day readmission and 30-to-90-day readmission.
Conclusion: This meta-analysis shows that risk factors like age, smoking history,
high blood pressure, and body mass index (BMI) have a big effect on complications
after BR, and patients with risk factors have a high rate of developing infection.
(Plast Reconstr Surg Glob Open 2022;10:¢4693; doi: 10.1097/GOX.0000000000004693;
Published online 13 December 2022.)

INTRODUCTION
Breast reconstruction (BR) is a unique surgical proce-
dure that provides patients undergoing mastectomy with
significant psychosocial and aesthetic benefits and has

also become a crucial part of the treatment pathway for
women with breast cancer.'” Over the past two decades,
the number of BR surgeries has climbed steadily. In 2016,
the American Society of Plastic Surgeons reported that
more than 109,256 BR procedures were performed in the
United States alone.*

BRincludes two primary techniques: autologous recon-
struction and tissue expander/implant reconstruction.’
The American Society of Plastic Surgeons has separate
guidelines for both of these techniques.®” Neither of these
treatments favors one approach over the other, despite
the fact that tissue expander/implant reconstruction is
utilized more frequently and autologous reconstruction
can create a natural and symmetric breast mound that
provides greater psychosocial benefits than implant recon-
struction.® Because BR is an elective surgery, the risks and
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advantages must be thoroughly weighed before surgery.
According to both guidelines, there is no standard surgery
for BR, and the ultimate judgment regarding the care of
a particular patient must be made by the physician, con-
sidering patient preferences, risk factors, and available
resources.%’

Both BR procedures include risks, including the pos-
sibility of complications. In autologous BR, skin necrosis
and wound dehiscence are frequent abdominal site com-
plications, but in tissue expander/implant BR, infection,
seroma, and hematoma are common.’""* In the past, stud-
ies have evaluated risk factors for these complications,
such as age, obesity, high blood pressure, diabetes, and
smoking."""* However, the generalizability and validity of
prior studies have been impeded by a variety of method-
ological concerns, such as a small sample size, the absence
of a control group, insufficient patient follow-up, and a
lack of extensive risk factor analysis, making it difficult to
draw conclusions regarding the association between risk
factors and postsurgical complications in BR.

As part of the informed consent process, there is an
increasing demand for precise and individualized pre-
operative risk assessment. In modern cancer care, the
provision of correct information regarding the risks and
benefits of treatment has been designated as a top priority.
Comprehensive awareness of the risk factors that lead to
complications to counsel patients correctly and guide the
joint decision-making process with reliable information is
necessary. Scarcity of techniques available to assist plastic
surgeons in assessing preoperative risk before BR contrib-
utes to ambiguity in the effectiveness of the procedure.™
The most widely used instrument, the American College
of Surgeons National Surgical Quality Improvement
Program Surgical Risk Calculator, lacks the discriminatory
power to identify patients with a higher risk of problems
during BR,"'% necessitating further research into the asso-
ciations between risk factors and postoperative complica-
tions, which can also aid in developing an effective tool for
risk assessment. In this study, we aimed to pool all studies
reporting data on risk factors and postoperative complica-
tions and conduct a meta-analysis to examine the evidence
pertaining to any potential correlations between risk fac-
tors and postoperative complications.

METHODS
This meta-analysis was performed in accordance with
the Preferred Reporting Items for Systematic review and
Meta-Analyses guidelines.'” No ethical review board per-
mission was required for this analysis because the data
were widely available.

Data Sources and Strategy

We systematically searched two databases (MEDLINE
and Cochrane CENTRAL) from inception to March 2022,
without any time or language restrictions, using a detailed
search strategy involving all possible synonymous terms
of breast augmentation and abbreviations, along with
MeSH terms and Boolean operators “AND” and “OR.”
The search strategy is included in Supplemental Digital
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Takeaways

Question: What are the predictors of complications fol-
lowing breast reconstruction (BR) surgery?

Findings: This meta-analysis shows that risk factors like
age, smoking history, high blood pressure, and body mass
index (BMI) have a big effect on complications after BR,
and patients with risk factors have a high rate of develop-
ing infection.

Meaning: Surgeons must be knowledgeable of such pre-
dictors before performing BR on their patients, to avoid
unwanted complications.

Content 1. (See appendix, Supplemental Digital Content
1, which displays the supplementary material. http://
links.lww.com/PRSGO/C296.)

Study Selection

The studies retrieved from our literature search
were cross-verified by two independent investigators and
exported to Endnote Reference Library (Version X7.5;
Clarivate Analytics, Philadelphia, PA) software where
duplicates were sought and removed. The full texts of
the remaining studies were thoroughly read to confirm
their relevance. Any disagreements regarding study selec-
tion were resolved by mutual consensus with a senior
investigator (TSJ]). The predefined eligibility criteria for
our meta-analysis were (a) randomized controlled trials
or observational studies; (b) assessed complications post
reconstruction procedure in breast cancer patients follow-
ing mastectomy; (d) evaluated at least one of the following
outcomes of major or reoperative complications, hospital-
ization, seroma, or infection.

Data Extraction

For outcomes of interest, odds ratios (ORs) were
extracted. In those studies where only raw data were
reported, summary events were proportionated to
calculate ORs with 95% confidence intervals (Cls).
Furthermore, study characteristics and patient baseline
characteristics were also extracted and are reported in
Supplemental Digital Content 1 (http://links.lww.com/
PRSGO/C296).

Statistical Analysis

All statistical analyses were carried out using RevMan
(version 5.3; Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration). The forest plots
of relevant outcomes were visually developed after
the ORs with 95% CIs were pooled using the random-
effects model.'”® These outcomes were then stratified
into several subgroups based on the type of predictor
and subsequently, the x2 test was performed to evaluate
the differences between the subgroups. The 7 test was
performed to examine the heterogeneity in the study
outcomes. An I score of 50% was assumed to indicate
a high amount of heterogeneity.'” A P value less than or
equal to 0.05 was considered significant for all the above
analyses.
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RESULTS

Search Results and Study Characteristics

The initial literature search yielded 7363 results.
After screening for titles and abstracts, and reviewing
full-text articles, 33 studies were short-listed.*"!?12-1520-15
The Preferred Reporting Items for Systematic review
and Meta-Analyses flowchart summarizes the results of
our literature search. (See figure, Supplemental Digital
Content 2, which displays the Preferred Reporting Items
for Systematic review and Meta-Analyses flowchart. http://
links.lww.com/PRSGO/C297.)

The finalized studies included over 100,000 patients.
The overall patient population included patients under-
going BR following mastectomy. BR techniques primarily
involved implants, tissue-expander, and autologous recon-
structions, including transverse rectus abdominis myo-
cutaneous flaps, latissimus dorsi flaps, and deep inferior
epigastric perforator flaps. In these patients, predictors of
complications were assessed.

RESULTS OF META-ANALYSIS
The summarized results of meta-analysis are presented in
Supplemental Digital Content 3. (See table, Supplemental
Digital Content 3, which displays the summary of meta-anal-
ysis. http:/ /links.lww.com/PRSGO /C298.)

OUTCOMES

Multiple Complications

Of the 33 selected studies, 18 reported data on mul-
tiple complications. Predictors of any complication fol-
lowing BR (including risk factors like diabetes, chronic
obstructive pulmonary disease [COPD], hypertension),
and patient characteristics such as age, obesity, and smok-
ing were assessed. These predictors were significantly
associated with a higher probability of developing com-
plications after BR (OR: 1.52; CI [1.39, 1.66], I 84%, P
< 0.00001) (SDC1: Figure S1 [http://links.lww.com/
PRSGO/C296]). Subgroup analysis revealed signifi-
cant subgroup differences between the risk factors (P <
0.00001).

Major or Reoperative Complication

Of the 33 selected studies, 14 reported data on predic-
tors of major or reoperative complications following BR,
including risk factors like diabetes, COPD, hypertension,
age, obesity, and smoking. These predictors were signifi-
cantly associated with a higher probability of develop-
ing complications after BR (OR: 1.05; CI [1.02, 1.18], P
59%, P=0.0001, SDC1: Figure S2 [http://links.lww.com/
PRSGO/C296]). According to subgroup analysis, positive
subgroup differences were observed between the risk fac-
tors (P<0.00001).

Readmission
0-to-90-Day Readmission

Of the 33 selected studies, two studies reported data
for 0-to-90-day readmission. Our pooled analysis yielded

significant relation (OR: 1.57; CI [0.78, 2.82],  76%, P =
0.001, SDC1: Figure S3 [http://links.lww.com/PRSGO/
C296]). Multiple predictors such as obesity (OR: 2.19; CI
[1.65, 2.91], P < 0.00001), diabetes (OR: 1.59; CI [1.30,
1.95], P < 0.00001), hypertension (OR: 1.65; CI [1.06,
2.57], P< 0.03) and smoking (OR: 2.13; CI [1.05, 4.34], P
< 0.04) reported significant results with risk of 0-to-90-day
readmission. Subgroup differences were reportedly sig-
nificant (P =0.01).

0-to-30-Day Readmission

Of the 33 selected studies, two studies reported data for
0-to-30-day readmission. Our pooled analysis yielded signifi-
cant results for 0-to-30-day readmission (OR: 1.63; CI [1.26,
2.101, F 87%, P = 0.0002, SDC1: Figure S4 [http://links.
Iww.com/PRSGO/C296]). Age (OR: 1.01; CI [0.98, 1.04],
P=0.52), radiotherapy (OR: 1.51; CI [0.78, 2.92], P =0.22),
COPD (OR: 1.62; CI [0.58, 4.49], P = 0.36) and smoking
(OR: 1.67; CI [0.83, 3.33], P =0.15) reported no significant
association with risk of 0-to-30-day readmission. Subgroup
differences were reportedly significant (P =0.01).

30-to-90-Day Readmission

Of the 33 selected studies, two studies reported data on
for 30-to-90-day readmission. Our pooled analysis revealed
significant results for 30-to-90-day readmission (OR: 1.30; CI
[1.04,1.35], 58%, P=0.02, SDCI: Figure S5 [http://links.
Iww.com/PRSGO/C296]). Individual predictors, including
age (OR: 1.10; CI [0.97, 1.33], P=1.00), hypertension (OR:
0.98; CI [0.69, 1.40], P =0.91), COPD (OR: 1.01; CI [0.64,
1.59], P = 0.91), smoking (OR: 2.56; CI [0.95, 6.86], P =
0.06), and radiotherapy (OR: 2.01; CI [0.81, 4.99], P=0.13),
showed nonsignificant results. Subgroup analysis yielded
positive subgroup differences (P=0.02).

Seroma

The correlation between individual predictor and the
development of seroma was studied. Our analysis showed a
significant association between diabetes and development
of seroma (OR: 1.51; CI [1.02, 2.24], P 0%, P =0.04, SDC1:
Figure S6 [http:/ /links.lww.com/PRSGO/C296]).

Infection

Of the 33 selected studies, four reported data on infec-
tion rates after BR. A statistically significant association
was reported between predictors and risk of infection sub-
sequent to BR (OR: 1.43; CI [1.16, 1.76], I? 67%, P<0.001,
SDC1: Figure S7 [http://links.lww.com/PRSGO/
C296]). Age (OR: 1.03; CI [0.91, 1.16], P = 0.67), radio-
therapy (OR: 2.67; CI [0.48, 14.34.], P = 0.26), diabetes
(OR: 1.44; CI [0.84, 2.48], P =0.19), COPD (OR: 1.05; CI
[0.76, 1.45], P =0.77), and smoking (OR: 1.52; CI [0.98,
2.36], P=0.06) did not suggest significant results.

DISCUSSION
In our meta-analysis of more than 100,000 patients, our
findings suggest a significant correlation between postopera-
tive complications of BR and risk factors, including comorbid
conditions such as diabetes, COPD, hypertension, and patient
characteristics such as age, obesity, and smoking. Moreover,
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significant relationship was observed between diabetes and
the development of seroma. We found that individual predic-
tors such as age, radiotherapy, COPD, and smoking had no
significant association with 0-to-30-day readmission. Similarly,
these risk factors had no significant correlation with 30-to-
90-day readmission. On the contrary, multiple predictors,
including obesity, diabetes, and hypertension and smoking,
significantly impacted 0-to-90-day readmission. Moreover,
our results also show that patients with risk factors were more
vulnerable to developing an infection after BR surgery. Our
findings are notable because they reinforce the role of the
above-mentioned predictors in postoperative complications.

Our findings indicate that age, obesity, and smoking
are significant predictors of major or reoperative compli-
cations. These results are consistent with those of a pre-
vious retrospective study involving 376 patients, which
concluded that age and smoking history played a signifi-
cant role in the development of postoperative complica-
tions.”” Similarly, in another study with 912 individuals,
those who were both obese and smokers had a 12-fold
increase in problems.'" In contrast, a prospective multi-
center study conducted in the United States indicated
that age has no significant effect on the incidence of com-
plications.** Similarly, another study found no significant
difference in flap failure rates between patients with a nor-
mal BMI and obese individuals."” The disparities in results
were attributed to variations in study methodology, which
included differences in BR techniques and baseline char-
acteristics of the included population.

Cigarette smoking has been linked for a long time as a risk
factor for problems in tissue expander-based reconstruction.
Numerous studies have revealed that smokers are at a higher
risk for problems, particularly mastectomy flap necrosis."”*
These results owe to nicotine’s deleterious effects on blood
flow,* which can be significant in tissues with reduced blood
flow, such as mastectomy flaps. Similarly, obesity has been
highlighted as a risk factor for problems associated with tissue
expander-based BR.* This might be due to the fact that obese
women tend to have proportionately larger breast size, necessi-
tating a more thorough dissection and resulting in larger and
longer mastectomy flaps. Compared with shorter flaps, longer
flaps have a diminished blood flow, which increases the risk of
complications in these individuals. In addition, these patients
have more postoperative dead space and longer operational
periods, which might elevate the risk of problems.” Age can
be regarded an independent predictor of complications due
to the fact that older people have thinner skin than younger
ones.” In light of the fact that the process of tissue expansion
exerts pressure on the mastectomy flaps, smaller flaps may be
less resistant to extrusive pressures than broader flaps, and
hence, may be more susceptible to extrusions. In addition,
older patients often have a greater number of medical comor-
bidities than younger patients, which might further impact the
incidence of complications.”

Our findings also report that patients with risk factors such
as hypertension and obesity are more susceptible to infec-
tion after BR surgery. This result is consistent with previous
literature where individuals with obesity and high blood pres-
sure were more likely to get surgicalsite infections.* Higher
chances of hematoma development after surgery may be the
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cause of hypertension’s impact on surgical-site infection. As
previously demonstrated, in individuals with hypertension,
the functional and structural alterations to the microcircula-
tion may have a greater effect on the perfusion of the mastec-
tomy skin flap.” It is notable that people with hypertension
frequently also have obesity, which has been found to impair
tissue microcirculation. However, hypertension could be a
more manageable risk factor in the perioperative period than
obesity, which calls for long-term lifestyle changes or weight
loss. Blood pressure must be kept under control throughout
the preoperative period to avoid peripheral tissue vasocon-
striction and to reduce the risk of postoperative hemorrhage.*
Topical nitroglycerin treatment on mastectomy skin flaps is
one method to investigate. Several studies, including a ran-
domized controlled trial, have demonstrated that this tech-
nique reduces mastectomy flap necrosis.”>*

There are numerous studies that review the postopera-
tive complications associated with BR, such as a previously
published meta-analysis that compared the risk of compli-
cations in immediate BR and delayed reconstruction but
did not focus on the risk factors thatlead to those complica-
tions.” Therefore, there are few studies that investigate the
risk factors for these events. Our meta-analysis is, to the best
of our knowledge, the first original study to demonstrate
the involvement of several parameters in predicting com-
plications after BR surgery. It is crucial that surgeons and
patients have a thorough understanding of potential prob-
lems. The individual impact of risk factors must be assessed
in the context of the oncologic and surgical requirements
of each patient. Although most of these risk variables are
not open to intervention, they may help surgeons to take
the necessary measures in a timely manner while providing
patients with more precise information about their suscep-
tibility to postoperative problems.” Surgeons and patients
can make better informed decisions toward the aim of a
successful BR by taking into account the risks mentioned
in this study. Moreover, it is essential for excellent practice
to reevaluate current procedures and modify or alter them
based on novel research. Our findings regarding associa-
tion between risk variables and postoperative complications
can also assist in the revision of existing guidelines.

There are certain limitations to our meta-analysis.
First, some risk factors, such as diabetes and readmission,
and certain complications, such as seroma, are under-
represented. Other complications, such as capsular con-
tracture, are not included in our research owing to a lack
of data, which may mitigate the effects of our findings.
Second, we did not examine predictors of complications
associated with a particular BR technique; thus, future
research is required to investigate the correlation of risk
factors with complications associated with a particular
BR technique. Thirdly, there was heterogeneity among
included studies due to differences in sample populations
and study settings, so an analysis was conducted using the
random-effects model for this purpose.

CONCLUSIONS
Our study concludes that risk variables such as age,
smoking history, hypertension, and BMI had a significant
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influence on postoperative complications following BR. In
the future, further research is warranted with a larger sample
size to evaluate the determinants of complications in specific
types of BR operations. In addition, measures for control-
ling modifiable risk factors can be considered because BR
surgery seems to be essential for raising patients’ confidence
and enhancing their quality-of-ife following mastectomy.

Mohamed A. Mrad, MD, FRCSC, MBA, FACS
Plastic and Reconstructive Surgery Section
Department of Surgery

King Faisal Specialist Hospital & Research Center
P.O. Box 3354, Riyadh 11211

Saudi Arabia

Email: amirmurad@gmail.com

REFERENCES

1. Rowland JH, Hewitt M, Ganz PA. Cancer survivorship: a
new challenge in delivering quality cancer care. J Clin Oncol.
2006;24:5101-5104.

2. Rozen WM, Ashton MW, Taylor GI. Defining the role for autolo-
gous breast reconstruction after mastectomy: social and onco-
logic implications. Clin Breast Cancer. 2008;8:134-142.

3. Santanelli Di Pompeo F, Barone M, Salzillo R, et al. Predictive
factors of satisfaction following breast reconstruction: do they
influence patients? Aesthetic Plast Surg. 2022;46:610-618.

4. Banuelos J, Sabbagh MD, Roh SG, et al. Infections following
immediate implant-based breast reconstruction: a case-control
study over 11 years. Plast Reconstr Surg. 2019;144:1270-1277.

5. Tachi M, Yamada A. Choice of flaps for breast reconstruction. Int
J Clin Oncol. 2005;10:289-297.

6. Alderman A, Gutowski K, Ahuja A, et al. ASPS clinical practice
guideline summary on breast reconstruction with expanders and
implants. Plast Reconstr Surg. 2014;134:648e-655e.

7. Lee BT, Agarwal JP, Ascherman JA, et al. Evidence-based clini-
cal practice guideline: autologous breast reconstruction with
DIEP or pedicled TRAM abdominal flaps. Plast Reconstr Surg.
2017;140:651e—664e.

8. Selber JC, Kurichi JE, Vega §J, et al. Risk factors and complica-
tions in free TRAM flap breast reconstruction. Ann Plast Surg.
2006;56:492-497.

9. Park JW, Jung JH, Jeon BJ, et al. Complications after immediate
2-stage tissue expander/implant breast reconstruction: a deeper
look at the second stage. Ann Plast Surg. 2020;84:638-643.

10. Timmermans FW, Westland PB, Hummelink S, et al. A retro-
spective investigation of abdominal visceral fat, body mass index
(BMI), and active smoking as risk factors for donor site wound
healing complications after free DIEP flap breast reconstruc-
tions. J Plast Reconstr Aesthet Surg. 2018;71:827-832.

11. Ilonzo N, Tsang A, Tsantes S, et al. Breast reconstruction after
mastectomy: a ten-year analysis of trends and immediate postop-
erative outcomes. Breast. 2017;32:7-12.

12. Mlodinow AS, Fine NA, Khavanin N, et al. Risk factors for mas-
tectomy flap necrosis following immediate tissue expander
breast reconstruction. J Plast Surg Hand Surg. 2014;48:322-326.

13. Gill PS, Hunt JP, Guerra AB, et al. A 10-year retrospective review
of 758 DIEP flaps for breast reconstruction. Plast Reconstr Surg.
2004;113:1153-1160.

14. Roy M, Sebastiampillai S, Zhong T, et al. Synergistic interac-
tion increases complication rates following microvascular breast
reconstruction. Plast Reconstr Surg. 2019;144:1e—8e.

15. O’Neill AC, Sebastiampillai S, Zhong T, et al. Increasing body
mass index increases complications but not failure rates in
microvascular breast reconstruction: a retrospective cohort
study. ] Plast Reconstr Aesthet Surg. 2019;72:1518-1524.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

Paruch JL, Ko CY, Bilimoria KY. An opportunity to improve
informed consent and shared decision making: the role of the
ACS NSQIP surgical risk calculator in oncology. Ann Surg Oncol.
2014;21:5-7.

Liberati A, Altman DG, Tetzlaff |, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration.

J Clin Epidemiol. 2009;62:e1-34.

Higgins JP, Thomas ], Chandler ], et al. Cochrane Handbook for
Systematic Reviews of Interventions. Hoboken, NJ: John Wiley &
Sons; 2019.

Higgins JP, Thompson SG, Deeks ]J], et al. Measuring inconsis-
tency in meta-analyses. BMJ. 2003;327:557-560.

Kato H, Nakagami G, Iwahira Y, et al. Risk factors and risk
scoring tool for infection during tissue expansion in tis-
sue expander and implant breast reconstruction. Breast J.
2013;19:618-626.

Zhong T, Novak CB, Bagher S, et al. Using propensity score
analysis to compare major complications between DIEP and free
muscle-sparing TRAM flap breast reconstructions. Plast Reconstr
Surg. 2014;133:774-782.

Hirsch EM, Seth AK, Kim JY, et al. Analysis of risk factors for com-
plications in expander/implant breast reconstruction by stage of
reconstruction. Plast Reconstr Surg. 2014;134:692e-699e.

Moon KC, Baek SO, Yoon ES, et al. Predictors affecting com-
plications and aesthetic outcomes in autologous breast recon-
struction with free muscle-sparing transverse rectus abdominis
myocutaneous flaps. Microsurgery. 2020;40:38-43.

Huo J, Smith BD, Giordano SH, et al. Post-mastectomy breast
reconstruction and its subsequent complications: a comparison
between obese and non-obese women with breast cancer. Breast
Cancer Res Treat. 2016;157:373-383.

Frisell A, Lagergren J, Halle M, et al. Risk factors for implant
failure following revision surgery in breast cancer patients with a
previous immediate implant-based breast reconstruction. Breast
Cancer Res Treat. 2020;184:977-984.

Yazar S, Altinkaya A, Bengur FB, et al. Factors associated
with complications in immediate breast reconstruction in 1
stage with completely submuscular implants. Ann Plast Surg.
2019;83:264-270.

Tong WM, Baumann DP, Villa MT, et al. Obese women expe-
rience fewer complications after oncoplastic breast repair fol-
lowing partial mastectomy than after immediate total breast
reconstruction. Plast Reconstr Surg. 2016;137:777-791.

Teotia SS, Venutolo C, Haddock NT. Outcomes in patients receiv-
ing neoadjuvant chemotherapy undergoing immediate breast
reconstruction: effect of timing, postoperative complications, and
delay to radiation therapy. Plast Reconstr Surg. 2019;144:732e-742e.
Tran BN, Ruan QZ, Cohen ]B, et al. Does hormone therapy
use increase perioperative complications in abdominally
based microsurgical breast reconstruction? Plast Reconstr Surg.
2018;141:805e-813e.

Gdalevitch P, Ho A, Genoway K, et al. Direct-to-implant
single-stage immediate breast reconstruction with acellu-
lar dermal matrix: predictors of failure. Plast Reconstr Surg.
2014;133:738e-747e.

Lee TJ, Oh TS, Kim EK, et al. Risk factors of mastectomy skin flap
necrosis in immediate breast reconstruction using low abdomi-
nal flaps. [ Plast Surg Hand Surg. 2016;50:302-306.

Laporta R, Sorotos M, Longo B, et al. Breast reconstruction in
elderly patients: risk factors, clinical outcomes, and aesthetic
results. | Reconstr Microsurg. 2017;33:257-267.

Lam G, Weichman KE, Reavey PL, et al. Analysis of flap weight
and postoperative complications based on flap weight in patients
undergoing microsurgical breast reconstruction. ] Reconstr
Microsurg. 2017;33:186-193.


mailto:amirmurad@gmail.com?subject=
https://doi.org/10.1200/JCO.2006.09.2700
https://doi.org/10.1200/JCO.2006.09.2700
https://doi.org/10.1200/JCO.2006.09.2700
https://doi.org/10.3816/CBC.2008.n.013
https://doi.org/10.3816/CBC.2008.n.013
https://doi.org/10.3816/CBC.2008.n.013
https://doi.org/10.1007/s00266-021-02584-x
https://doi.org/10.1007/s00266-021-02584-x
https://doi.org/10.1007/s00266-021-02584-x
https://doi.org/10.1097/PRS.0000000000006202
https://doi.org/10.1097/PRS.0000000000006202
https://doi.org/10.1097/PRS.0000000000006202
https://doi.org/10.1007/s10147-005-0527-4
https://doi.org/10.1007/s10147-005-0527-4
https://doi.org/10.1097/PRS.0000000000000541
https://doi.org/10.1097/PRS.0000000000000541
https://doi.org/10.1097/PRS.0000000000000541
https://doi.org/10.1097/PRS.0000000000003768
https://doi.org/10.1097/PRS.0000000000003768
https://doi.org/10.1097/PRS.0000000000003768
https://doi.org/10.1097/PRS.0000000000003768
https://doi.org/10.1097/01.sap.0000210180.72721.4a
https://doi.org/10.1097/01.sap.0000210180.72721.4a
https://doi.org/10.1097/01.sap.0000210180.72721.4a
https://doi.org/10.1097/SAP.0000000000002126
https://doi.org/10.1097/SAP.0000000000002126
https://doi.org/10.1097/SAP.0000000000002126
https://doi.org/10.1016/j.bjps.2018.03.003
https://doi.org/10.1016/j.bjps.2018.03.003
https://doi.org/10.1016/j.bjps.2018.03.003
https://doi.org/10.1016/j.bjps.2018.03.003
https://doi.org/10.1016/j.bjps.2018.03.003
https://doi.org/10.1016/j.breast.2016.11.023
https://doi.org/10.1016/j.breast.2016.11.023
https://doi.org/10.1016/j.breast.2016.11.023
https://doi.org/10.3109/2000656X.2014.884973
https://doi.org/10.3109/2000656X.2014.884973
https://doi.org/10.3109/2000656X.2014.884973
https://doi.org/10.1097/01.prs.0000110328.47206.50
https://doi.org/10.1097/01.prs.0000110328.47206.50
https://doi.org/10.1097/01.prs.0000110328.47206.50
https://doi.org/10.1097/PRS.0000000000005695
https://doi.org/10.1097/PRS.0000000000005695
https://doi.org/10.1097/PRS.0000000000005695
https://doi.org/10.1016/j.bjps.2019.05.013
https://doi.org/10.1016/j.bjps.2019.05.013
https://doi.org/10.1016/j.bjps.2019.05.013
https://doi.org/10.1016/j.bjps.2019.05.013
https://doi.org/10.1245/s10434-013-3345-3
https://doi.org/10.1245/s10434-013-3345-3
https://doi.org/10.1245/s10434-013-3345-3
https://doi.org/10.1245/s10434-013-3345-3
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1111/tbj.12175
https://doi.org/10.1111/tbj.12175
https://doi.org/10.1111/tbj.12175
https://doi.org/10.1111/tbj.12175
https://doi.org/10.1097/PRS.0000000000000024
https://doi.org/10.1097/PRS.0000000000000024
https://doi.org/10.1097/PRS.0000000000000024
https://doi.org/10.1097/PRS.0000000000000024
https://doi.org/10.1097/PRS.0000000000000607
https://doi.org/10.1097/PRS.0000000000000607
https://doi.org/10.1097/PRS.0000000000000607
https://doi.org/10.1002/micr.30442
https://doi.org/10.1002/micr.30442
https://doi.org/10.1002/micr.30442
https://doi.org/10.1002/micr.30442
https://doi.org/10.1007/s10549-016-3832-x
https://doi.org/10.1007/s10549-016-3832-x
https://doi.org/10.1007/s10549-016-3832-x
https://doi.org/10.1007/s10549-016-3832-x
https://doi.org/10.1007/s10549-020-05911-z
https://doi.org/10.1007/s10549-020-05911-z
https://doi.org/10.1007/s10549-020-05911-z
https://doi.org/10.1007/s10549-020-05911-z
https://doi.org/10.1097/SAP.0000000000001808
https://doi.org/10.1097/SAP.0000000000001808
https://doi.org/10.1097/SAP.0000000000001808
https://doi.org/10.1097/SAP.0000000000001808
https://doi.org/10.1097/01.prs.0000479939.69211.19
https://doi.org/10.1097/01.prs.0000479939.69211.19
https://doi.org/10.1097/01.prs.0000479939.69211.19
https://doi.org/10.1097/01.prs.0000479939.69211.19
https://doi.org/10.1097/PRS.0000000000006112
https://doi.org/10.1097/PRS.0000000000006112
https://doi.org/10.1097/PRS.0000000000006112
https://doi.org/10.1097/PRS.0000000000006112
https://doi.org/10.1097/PRS.0000000000004359
https://doi.org/10.1097/PRS.0000000000004359
https://doi.org/10.1097/PRS.0000000000004359
https://doi.org/10.1097/PRS.0000000000004359
https://doi.org/10.1097/PRS.0000000000000171
https://doi.org/10.1097/PRS.0000000000000171
https://doi.org/10.1097/PRS.0000000000000171
https://doi.org/10.1097/PRS.0000000000000171
https://doi.org/10.3109/2000656X.2016.1170026
https://doi.org/10.3109/2000656X.2016.1170026
https://doi.org/10.3109/2000656X.2016.1170026
https://doi.org/10.1055/s-0036-1597822
https://doi.org/10.1055/s-0036-1597822
https://doi.org/10.1055/s-0036-1597822
https://doi.org/10.1055/s-0036-1594298
https://doi.org/10.1055/s-0036-1594298
https://doi.org/10.1055/s-0036-1594298
https://doi.org/10.1055/s-0036-1594298

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Sadok N, Krabbe-Timmerman IS, de Bock GH, et al. The effect
of smoking and body mass index on the complication rate of
alloplastic breast reconstruction. Scand J Surg. 2020;109:143-150.
Riggio E, Toffoli E, Tartaglione C, et al. Local safety of immedi-
ate reconstruction during primary treatment of breast cancer.
Direct-to-implant versus expander-based surgery. | Plast Reconstr
Aesthet Surg. 2019;72:232-242.

Matsen CB, Mehrara B, Eaton A, et al. Skin flap necrosis after
mastectomy with reconstruction: a prospective study. Ann Surg
Oncol. 2016;23:257-264.

Jubbal KT, Echo A, Spiegel AJ, et al. The impact of resident
involvement in breast reconstruction surgery outcomes by modal-
ity: an analysis of 4,500 cases. Microsurgery. 2017;37:800-807.
Dauplat J, Thivat E, Rouanet P, et al. Risk factors associated with
complications after unilateral immediate breast reconstruction:
aFrench prospective multicenter study. in vivo. 2021;35:937-945.
Xu F, Sun H, Zhang C, et al. Comparison of surgical complica-
tion between immediate implant and autologous breast recon-
struction after mastectomy: a multicenter study of 426 cases. |
Surg Oncol. 2018;118:953-958. .

Magno-Padron DA, Collier W, Kim J, et al. A nationwide analysis
of early and late readmissions following free tissue transfer for
breast reconstruction. | Reconstr Microsurg. 2020;36:450-457.
Hoejvig JH, Pedersen NJ, Gramkow CS, et al. Delayed two-
stage breast reconstruction: the impact of radiotherapy. [ Plast
Reconstru Aesthet Surg. 2019;72:1763-1768.

Collier W, Van Boerum MS, Kim ], et al. Are 30-day outcomes
enough? Late infectious readmissions following prosthetic-based
breast reconstruction. Plast Reconstr Surg. 2019;144:360e-368e.
Colwell AS, Tessler O, Lin AM, et al. Breast reconstruction fol-
lowing nipple-sparing mastectomy: predictors of complications,
reconstruction outcomes, and 5-year trends. Plast Reconstr Surg.
2014;133:496-506.

Fischer JP, Wes AM, Tuggle CT, et al. Risk analysis and stratifica-
tion of surgical morbidity after immediate breast reconstruction.
JAm Coll Surg. 2013;217:780-787.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

PRS Global Open * 2022

Fischer JP, Tuggle CT, Au A, et al. A 30-day risk assessment of
mastectomy alone compared to immediate breast reconstruction
(IBR). J Plastic Surg Hand Surg. 2014;48:209-215.

Santosa KB, Qi J, Kim HM, et al. Effect of patient age on out-
comes in breast reconstruction: results from a multicenter pro-
spective study. ] Am Coll Surg. 2016;223:745-754.

Lin KY, Blechman AB, Brenin DR. Implant-based, two-stage
breast reconstruction in the setting of radiation injury: an out-
come study. Plast Reconstr Surg. 2012;129:817-823.

Padubidri AN, Yetman R, Browne E, et al. Complications of post-
mastectomy breast reconstructions in smokers, ex-smokers, and
nonsmokers. Plast Reconstr Surg. 2001;107:342-349.

Woerdeman LA, Hage JJ, Hofland MM, et al. A prospective assess-
ment of surgical risk factors in 400 cases of skin-sparing mas-
tectomy and immediate breast reconstruction with implants to
establish selection criteria. Plast Reconstr Surg. 2007;119:455-463.
Longo C, Casari A, Beretti F, et al. Skin aging: in vivo microscopic
assessment of epidermal and dermal changes by means of confo-
cal microscopy. J Am Acad Dermatol. 2013;68:¢73—e82.

Levy BI, Schiffrin EL, Mourad [], et al. Impaired tissue perfusion:
a pathology common to hypertension, obesity, and diabetes mel-
litus. Circulation. 2008;118:968-976.

Serné EH, Gans RO, Ter Maaten JC, et al. Impaired skin cap-
illary recruitment in essential hypertension is caused by both
functional and structural capillary rarefaction. Hypertension.
2001;38:238-242.

Turin SY, Li DD, Vaca EE, et al. Nitroglycerin ointment for
reducing the rate of mastectomy flap necrosis in immedi-
ate implant-based breast reconstruction. Plast Reconstr Surg.
2018;142:264e-270e.

Matar DY, Wu M, Haug V, et al. Surgical complications in imme-
diate and delayed breast reconstruction: a systematic review and
meta-analysis. | Plast Reconstr Aesthet Surg. 2022;75:4085-4095.
Xue DQ, Qian C, Yang L, et al. Risk factors for surgical site infec-
tions after breast surgery: a systematic review and meta-analysis.
Eur ] Surg Oncol. 2012;38:375-381.


https://doi.org/10.1177/1457496919826711
https://doi.org/10.1177/1457496919826711
https://doi.org/10.1177/1457496919826711
https://doi.org/10.1016/j.bjps.2018.10.016
https://doi.org/10.1016/j.bjps.2018.10.016
https://doi.org/10.1016/j.bjps.2018.10.016
https://doi.org/10.1016/j.bjps.2018.10.016
https://doi.org/10.1245/s10434-015-4709-7
https://doi.org/10.1245/s10434-015-4709-7
https://doi.org/10.1245/s10434-015-4709-7
https://doi.org/10.1002/micr.30146
https://doi.org/10.1002/micr.30146
https://doi.org/10.1002/micr.30146
https://doi.org/10.21873/invivo.12334
https://doi.org/10.21873/invivo.12334
https://doi.org/10.21873/invivo.12334
https://doi.org/10.1002/jso.25238
https://doi.org/10.1002/jso.25238
https://doi.org/10.1002/jso.25238
https://doi.org/10.1002/jso.25238
https://doi.org/10.1055/s-0040-1702175
https://doi.org/10.1055/s-0040-1702175
https://doi.org/10.1055/s-0040-1702175
https://doi.org/10.1016/j.bjps.2019.06.003
https://doi.org/10.1016/j.bjps.2019.06.003
https://doi.org/10.1016/j.bjps.2019.06.003
https://doi.org/10.1097/PRS.0000000000005903
https://doi.org/10.1097/PRS.0000000000005903
https://doi.org/10.1097/PRS.0000000000005903
https://doi.org/10.1097/01.prs.0000438056.67375.75
https://doi.org/10.1097/01.prs.0000438056.67375.75
https://doi.org/10.1097/01.prs.0000438056.67375.75
https://doi.org/10.1097/01.prs.0000438056.67375.75
https://doi.org/10.1016/j.jamcollsurg.2013.07.004
https://doi.org/10.1016/j.jamcollsurg.2013.07.004
https://doi.org/10.1016/j.jamcollsurg.2013.07.004
https://doi.org/10.3109/2000656X.2013.865633
https://doi.org/10.3109/2000656X.2013.865633
https://doi.org/10.3109/2000656X.2013.865633
https://doi.org/10.1016/j.jamcollsurg.2016.09.003
https://doi.org/10.1016/j.jamcollsurg.2016.09.003
https://doi.org/10.1016/j.jamcollsurg.2016.09.003
https://doi.org/10.1097/PRS.0b013e31824421d0
https://doi.org/10.1097/PRS.0b013e31824421d0
https://doi.org/10.1097/PRS.0b013e31824421d0
https://doi.org/10.1097/00006534-200102000-00007
https://doi.org/10.1097/00006534-200102000-00007
https://doi.org/10.1097/00006534-200102000-00007
https://doi.org/10.1097/01.prs.0000246379.99318.74
https://doi.org/10.1097/01.prs.0000246379.99318.74
https://doi.org/10.1097/01.prs.0000246379.99318.74
https://doi.org/10.1097/01.prs.0000246379.99318.74
https://doi.org/10.1016/j.jaad.2011.08.021
https://doi.org/10.1016/j.jaad.2011.08.021
https://doi.org/10.1016/j.jaad.2011.08.021
https://doi.org/10.1161/CIRCULATIONAHA.107.763730
https://doi.org/10.1161/CIRCULATIONAHA.107.763730
https://doi.org/10.1161/CIRCULATIONAHA.107.763730
https://doi.org/10.1161/01.hyp.38.2.238
https://doi.org/10.1161/01.hyp.38.2.238
https://doi.org/10.1161/01.hyp.38.2.238
https://doi.org/10.1161/01.hyp.38.2.238
https://doi.org/10.1097/PRS.0000000000004633
https://doi.org/10.1097/PRS.0000000000004633
https://doi.org/10.1097/PRS.0000000000004633
https://doi.org/10.1097/PRS.0000000000004633
https://doi.org/10.1016/j.bjps.2022.08.029
https://doi.org/10.1016/j.bjps.2022.08.029
https://doi.org/10.1016/j.bjps.2022.08.029
https://doi.org/10.1016/j.ejso.2012.02.179
https://doi.org/10.1016/j.ejso.2012.02.179
https://doi.org/10.1016/j.ejso.2012.02.179

